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We present a calculation of the process B¯0 → D0η′ within a heavy–light chi-
ral quark model. We assume that the η′ has a large gluonic component, and
its coupling is described via the glue–glue–η′ effective vertex. The main con-
tribution comes from the non-factorizable part of the effective weak Lagrangian
at quark level. We find, within our model-dependent assumptions, a branching
ratio Br(B¯0 → D0η′) = (1.7 – 3.3) ×10−4, somewhat below the experimental
upper bound 9.4× 10−4.
I. INTRODUCTION
After the CLEO [1] results reporting a very large branching ratio for the inclusive pro-
duction of η′ in B → η′Xs decays, Atwood and Soni [2] proposed an interesting explanation
of the data. The suggested mechanism is based on the subprocess b → sg∗ → sη′g, where
the virtual gluon g∗ emerging from the standard model penguin couples to η′ via an effec-
tive gg∗η′ vertex related to the gluonic triangle anomaly. The structure of this vertex was
re-examined in [3], where the running of the effective coupling of η′ to gluons, assumed to be
constant in [2], is also taken into account. The possibility that the gg∗η′ vertex could dan-
gerously be affected by non-controllable non-perturbative effects was soon after discussed in
[4]. Some further criticism can be found in [5].
Interestingly, the production of η′ by thermal gluon fusion at RHIC and the LHC has
recently been discussed in [6] using again the gluon–η′ vertex idea. The authors of [7] have
also descibed a gluon fusion process to study the inclusive B → η′Xs and the exclusive
B → K(∗)η′ decays: the gluon g of the gg∗η′ vertex is supposed to be emitted by the light
quark inside the B meson, while the g∗ comes from the b → s penguin. The B → Kη′
decay has been further investigated in the context of perturbative QCD in [8]. To assess the
reliability of such mechanisms, a study of the gluon content of the η′ is in order. The estimate
found in [9] results in a gluon component as large as 26%. This seems again to favour the
possibility that the η′ can reliably be coupled through gluons in hadronic processes.
A different scenario proposed to explain the abundant production of η′ in B → Kη′
data was based on the idea of a strong intrinsic charm component in the η′ [10]. Although
appealing, the b→ cc¯s Cabibbo-favoured process generating an η′ via its intrinsic cc¯ requires
too large a charm component to explain the data. Recently the charm content of the η′ has
been thoroughly investigated [11] and it is estimated to be too small to motivate the b→ cc¯s
mechanism.
The non-leptonic decays including an η′ in the final state, such as B¯0 → D0η′ and B¯0 →
D∗0η′, are also quite interesting on both theoretical and experimental grounds. Measuring
the branching ratios of these processes may shed light on the nature of the η – η′ mixing
and of the decay constants fη, fη′ . From the experimental side, at present the only known
limits on these decays are from CLEO [12].
1
The simplest possible mechanism to consider for B → Dη′ decay is naive factorization
of quark currents as in [13]. The quark models considered there do not involve gluons. In
contrast, in the present paper we consider the possibility that a gluon mechanism could be
at work even in a process like B¯0 → D0η′, where there is no gluon arising from a penguin
diagram (which is the case in B → Kη′). We will assume that the main contribution to
the decay B¯0 → D0η′ comes from the gluonic mechanism, as illustrated in Fig. 1. The η′
couples to the gluons as shown in Fig. 2.
In general, non-leptonic decays are described by a quark level effective Lagrangian at
some chosen scale. This is built up by coefficients (containing all short-distance effects above
the chosen scale) times quark operators, typically given as the product of two currents. In
order to get an effective Lagrangian describing the physical degrees of freedom, the mesons,
a “bosonization procedure” is required. This typically amounts to transforming (see e.g.
[14]) the original Lagrangian by extracting collective composite fields with boson quantum
numbers.
Historically, bosonizing by factorization of the currents, the so-called “vacuum saturation
approximation” (VSA) has been a starting point for bosonizing the quark operators. The
VSA turns out to be badly broken in K-meson decays. However, in some classes of heavy
meson (B) decays, factorization holds up to order 1/mb [15], but not for the process we
consider.
A priori, it would be preferable to keep the description as model-independent as possible.
Unfortunately, some model-dependence has to be introduced within our framework. Still the
amplitude for B¯0 → D0η′ presented here will be less model-dependent than the amplitude
for the process B → Kη′ within the same framework.
One should keep in mind that, when the four quark operators responsible for non-leptonic
B decays are Fierz-transformed, they will contain products of coloured currents, such that
a virtual gluon might be emitted from a (light) quark in the B meson due to such a current.
Furthermore, this virtual gluon might (via the effective η′gg∗ vertex) be transformed into
an η′ and a soft gluon. In this paper, this soft gluon is assumed to make a gluon condensate
with another soft gluon emitted from the light quark within the D meson.
Inclusion of such gluon condensates gave, within chiral quark models (χQM) [16,17],
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significant effects for K → 2pi amplitudes, and the chiral quark model works well for K
decays in general [18–20]. More specific, it has been shown that the inclusion of gluon
condensates within the χQM works well in order to understand the ∆I = 1/2 rule and
the CP-violating quantity ε′/ε [19]. (It should also be noted that the value used for the
gluon condensate in [19] is also in fair agreement with the result obtained within generalized
factorization [21].) This gives a strong motivation to use models for mesons containing a
light and a heavy quark [22–24], and with soft gluon effects in terms of gluon condensates
added [25]. This was already used for the process D → K0K¯0 in [26].
II. FRAMEWORK FOR THE PROCESS B¯0 → D0η′
Non-leptonic decays with ∆B = 1,∆C = ±1 are described by an effective Lagrangian
at quark level [27] :
Leff = −GF√
2
V ∗cbVud [C1(µ)Q1 + C2(µ)Q2] , (1)
where Q1,2 are operators given in terms of the quark fields b, c, u, d:
Q1 = dγ
µ(1− γ5)b cγµ(1− γ5)u
Q2 = cγ
µ(1− γ5)b dγµ(1− γ5)u . (2)
The Wilson coefficients C1 and C2 contain all short-distance effects down to the scale
µ = O(mb). As our quark model calculation of hadronic matrix elements will be based
on the Heavy Quark Effective Theory (HQET), we should in principle also calculate the
short-distance effects from the scale O(mb) down to a scale O(Λχ ∼ 1 GeV) and evaluate
our matrix elements there [28] (also some new operators should then appear in the QCD
mixing). However, in this work these complications will be neglected (more on this in
section V).
The operators defined in eq. (2) may be Fierz-transformed. Using the identity
δαδδγβ = 2t
a
αβt
a
γδ +
1
Nc
δαβδγδ , (3)
the operator Q2 takes the form :
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FIG. 1. Bosonization of the effective Hamiltonian, Γ ≡ γµ(1− γ5)
Q2 = 2ct
aγµ(1− γ5)u dtaγµ(1− γ5)b + 1
Nc
Q1 . (4)
Fierzing the operator Q1 gives a similar expression that describes just the process B → Dpi.
The idea is now that the decay B¯0 → D0η′ goes in two steps. We calculate the amplitude
for B¯0 → D0g∗g, where g∗ is the hard virtual gluon and g is a soft gluon. Then g∗ → η′g′,
where g′ is another soft gluon. The soft gluons g and g′ are then assumed to form a gluon
condensate. For B¯0 → D0g∗g we may use a generalized version [18,19,26] of the VSA, and
obtain (see eqs. (1), (2) and (4)):
〈D0g∗g|Leff |B¯0〉 =
GF√
2
V ∗cbVud
{
(C1 +
C2
Nc
)
[
〈D0g∗g|cγµ(1− γ5)u|0〉〈0|dγµ(1− γ5)b|B¯0〉
+〈D0|cγµ(1− γ5)u|0〉〈g∗g|dγµ(1− γ5)b|B¯0〉
]
+2C2
[
〈gD0|ctaγµ(1− γ5)u|0〉〈g∗|dtaγµ(1− γ5)b|B¯0〉
+ 〈D0g∗|ctaγµ(1− γ5)u|0〉〈g|dtaγµ(1− γ5)b|B¯0〉
]}
. (5)
Within our model, the four terms in (5) give rise to four diagrams. Two of them are
shown in Fig. 1, where we have also included the η′g∗g vertex. The other two diagrams
are similar, except for the fact that the hard gluon is emitted from the D0 meson instead
of the B¯0 meson. The first diagram in Fig. 1 corresponds to the factorizable part of the
Lagrangian (proportional to C1 + C2/Nc) and the second diagram to the non-factorizable
part (proportional to C2). The dominant contribution comes from the non-factorizable part
because of the large ratio of the Wilson coefficients 2C2/(C1 + C2/Nc) ≃ 12 at µ = mb. It
should also be noted that C2 is rather stable with respect to variations in the renormalization
scale µ.
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FIG. 2. η
′
g∗g - vertex
The form factorFη′g∗g has been examined by many groups following [2,3] (see also [29]),
and takes the form given in Fig. 2 :
In the Fock–Schwinger gauge one replaces ε∗bν → − i2 ∂∂q1ρGbρν(0) [30], so that the η
′
g∗g
vertex now takes the form:
−1
2
Fη′g∗g δ
abεµνρσε∗aµ G
b
νρ(0)qσ , (6)
where q is the momentum of the virtual gluon. We will use the parametrization of Hou and
Tseng [3] where the form factor is :
Fη′g∗g =
√
3
2
αs(q
2)
pifpi
. (7)
III. ELEMENTS OF THE HEAVY–LIGHT CHIRAL QUARK MODEL (HLχQM)
Some of the matrix elements in eq. (5) are known (e.g. the ones given by the decay
constants fD and fB), and some are model-dependent within our approach. Our calculation
will, to some extent, be based on what we will call a Heavy Light Chiral Quark Model
(HLχQM) [25] (see also [26]). This is a quark loop model supposed to describe interactions
between quarks with momenta below the chiral symmetry breaking scale Λχ ∼ 1 GeV. The
model is similar to the ones that have been used by several groups [22–24], but it contains
in addition soft gluons which may form gluon condensates, similar to one version of the
chiral quark model in the light sector [18,19,17]. The key ingredient in this kind of models
is a phenomenological term in the Lagrangian, which couples the quark fields directly to the
meson fields. This enables one to integrate out the quark degrees of freedom and obtain a
Lagrangian containing only meson fields [31]. A drawback with these models is that they do
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not incorporate any confining mechanism for quarks. However, such models, as the related
Nambu-Jona-Lasinio models [22–24,32], describe chiral symmetry breaking reasonably well,
and that is important for our purpose. As for the light sector [18,19,16,32], the coefficients
of various pieces of chiral Lagrangians can be calculated.
The Lagrangian of the HLχQM is
L = LHQET + LχQM + LInt + ... , (8)
where
LHQET = Qv iv ·DQv +O(m−1Q ) (9)
is the Lagrangian for Heavy Quark Effective Field Theory (HQEFT). The heavy quark field
Qv annihilates a heavy quark with velocity v and mass mQ, and Dµ is a covariant derivative
containing the gluon field and the photon field.
In the pure light sector, the Lagrangian of the chiral quark model (χQM) can be written
as :
LχQM = χ [γµ(iDµ + Vµ + γ5Aµ) − m]χ . (10)
where m is the constituent mass (200 – 300 MeV) of the light quarks. The field χ transforms
under the unbroken SU(3)V symmetry, so that the quark fields transforming under SU(3)L×
SU(3)R are
qL = ξ
†χL and qR = ξχR , (11)
where ξ is a 3× 3 matrix containing the Nambu–Goldstone bosons of QCD (pi,K, η):
ξ = e−iΠ/f , where Π =
λa
2
φa(x) =
1√
2


pi0√
2
+ η8√
6
pi+ K+
pi− − pi0√
2
+ η8√
6
K0
K− K0 − 2√
6
η8


. (12)
Moreover, f ≃ fpi = 93.2 MeV and λa, a = 1 . . . 8 are the Gell-Mann matrices. The vector
and axial vector fields are
Vµ ≡ i
2
(ξ∂µξ
† + ξ†∂µξ) and Aµ ≡ i
2
(ξ∂µξ
† − ξ†∂µξ) . (13)
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The meson–quark interaction for the heavy–light system is [22–25]:
LInt = −GH
[
χf Hvf Qv + QvHvf χf
]
, (14)
where GH is a coupling constant (in [22–24] it corresponds to a renormalization constant),
and Hf is a field containing both the singlet (0
−) and triplet (1−) meson field:
Hf ≡ P+ (Pµfγµ − iP5fγ5)
Hf ≡ γ0(Hf)†γ0 =
(
(Pµf )
†γµ − i(P5f)†γ5
)
P+ , (15)
where
P+ = (1 + v/)/2 (16)
is a projection operator. The index f runs over the light quark flavours u, d, s. The field
P5(P
µ) annihilates a heavy meson with spin-parity 0−(1−), with velocity v.
The way of regularizing divergent loop integrals has to be taken as a part of the definition
of the model. One might use some kind of cut-off regularization (sharp cut-off as in [22]
and cut-off in the proper time formalism as in [23,24]), cutting the momenta in the loop
between Λχ ∼ 1 GeV and some infrared cut-off µIR. The infrared cut-off could be zero as
in [23] or ∼ m as in [22,24]. Still, dimensional regularization may be used if there are no
mass scales bigger than Λχ entering the loop. Within our model we will relate all divergent
loop integrals to some physical parameter (as for instance fpi), as was done in [18,19,17].
This means in particular that we will treat quadratic, linear and logarithmic divergences as
different. The type of divergence can easily be seen by inspection.
The calculation of soft gluon effects in terms of gluon condensates is carried out in the
Fock–Schwinger gauge. In this gauge one can expand the gluon field as :
Aaµ(k) = −
i(2pi)4
2
Gρµ(0)
∂
∂kρ
δ(4)(k) + · · · , (17)
where k is the gluon momentum which is put to zero after the derivation is performed. The
fact that the soft gluon tensor is appearing explicitly in this expression makes it a powerful
tool to derive gluon condensate contributions to many processes, as demonstrated in [30].
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FIG. 3. Feynman rule for a quark coupling to a soft gluon.
Since each vertex in a Feynman diagram is followed by an integration over loop momen-
tum, we get the Feynman rule for interactions between light quarks and soft gluons shown
in Fig. 3. From this Feynman rule it immediately follows that the coupling of a soft gluon
to a heavy quark is suppressed by 1/mQ, since the vertex to this order is proportional to
vµvνG
aµν = 0, vµ being the heavy quark velocity.
The diagrams contributing to the kinetic term of heavy–light mesons are shown in Fig. 4.
By including also diagrams with the insertion of the Aµ(Vµ) fields on light quark loop lines,
one obtains the low energy effective Lagrangian for heavy mesons coupling to the light
mesons pi,K, η, . . . in the usual form [33,34] :
LStr = −Tr
[
Ha(iv ·D −∆)Ha
]
+ Tr
[
HaHbv
µVµba
]
− gATr
[
HaHbγ
µγ5Aµba
]
, (18)
where ∆ is the mass difference between the heavy meson(s) and the corresponding heavy
quark. The trace is only taken over the gamma matrix indices. Note that the Vµ field
and the covariant derivative Dµ (containing the photon field) can be combined into a total
covariant derivative Dµba ≡ Dµδba + iVba. The heavy–light meson fields, P5f and Pµf , have
been rescaled by a factor of
√
MP and
√
MP ∗ . The mass dimension of the heavy–light meson
fields is now 3/2. Typical values of the axial coupling gA found in the literature lie between
1/4 and 2/3.
In order to obtain eq. (18), we have to identify the square of the coupling GH in (14),
multiplied by some loop integrals with the coefficients gV ≡ 1 for the kinetic term (including
the vector term) and gA for the axial vector term. Such loop integrals contain logarithmic
and linear divergences plus finite terms (gluon condensate terms are finite in this case).
Details will be given in [25].
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FIG. 4. Self-energy for a heavy–light meson
The logarithmic divergent integral appearing here is the same as the one appearing in the
pure light sector [18,19,17], and is related to fpi. The quantity δgA ≡ (1 − gA) is related to
a linear divergent integral plus finite terms (including gluon condensates). Eliminating the
linearly divergent integral (appearing as finite in dimensional regularization) and identifying
the logarithmic divergent integral with fpi as in the pure light case, we obtain a relation for
GH in terms of fpi, the constituent light quark mass m, δgA, and the gluon condensate [25] :
G2H =
2m(1− 3
4
δgA)
f 2pi +
Ncm2
8pi
− κ
2m2
〈αs
pi
G2〉 , where κ ≡
96− 3pi
768
. (19)
Thus, in the formal limit where only the logarithmic divergent integral is kept, one obtains
the simple expression [26]:
GH ≃
√
2m
fpi
. (20)
The gluon condensate and the constituent quark mass can be linked to the mass difference
between the 0− and 1− states via the matrix element of the colour magnetic operator between
heavy states [35]. Calculating this matrix element in our model [25] gives a gluon condensate
range (301 MeV)4 < 〈αs
pi
G2〉 < (327 MeV)4 for a constituent light quark mass between 230
and 270 MeV. Then we find that also numerically, the simple expression (20) is close to
eq. (19) because the second term (∼ Ncm2) and third term (∼ 〈αspi G2〉) in the denominator
of eq. (19) tend to cancel.
When calculating the diagram for B¯0 → g∗, the virtual gluon is not soft. (The light
quark emerging from the weak vertex carries a momentum of order 2 GeV.) In order to
avoid mass scales bigger than Λχ in the loop integral, as explained earlier, one has to split
off this high momentum in terms of a Large Energy Effective Theory (LEET) [36–38] for
the quark propagating between the weak vertex and the η′ vertex (indicated by two arrows
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in Fig. 1). This is analogous to splitting off the heavy quark mass within the HQET. The
momentum of the quark is written as p = Eη′n + k, where Eη′ is the energy of the η
′ and
nµ = (1; 0, 0, 1) is parallel to the four momenta of the η′. Furthermore, k is the residual
momentum which has to be less than Λχ ∼ 1 GeV.
The LEET tells us that the effect of a soft gluon that couples to a fast light quark is
suppressed by 1/Eη′ , since the leading order coupling is proportional to nµnνG
aµν = 0.
Neglecting 1/mQ and 1/Eη′ corrections, soft gluons can only couple to the spectator quark
in the B and in the D meson.
IV. THE AMPLITUDE FOR B¯0 → D0η′
The first part of the diagram to the right in Fig. 1 describes the matrix element for the
transition B¯0 → g∗, where the gluon is off shell and carries a momentum q, with q2 = m2η′ .
Within our model, light vector mesons V = (ρ, ω, φ) might couple to light quarks like the
field Vµ in eq. (10) by letting Vµ → (Vµ−ρµ) [34]. Thus, since the gluon is a vector particle,
the transition B¯0 → g∗ is, within our model, related to the transition B¯0 → V = (ρ, ω, φ). In
other words, writing down the loop integral for B¯0 → g∗ and for B¯0 → V , the integrals are
the same, only the couplings are different. Therefore we can avoid going into details about
the loop integral because the relevant form factor for B¯0 → ρ is known from lattice and light
cone sum rules [39]. Using this fact will reduce the model dependence of our calculation.
Considering a vector meson dominance (VMD) induced coupling of the ρ to the light quarks,
γµm2ρ/fρ (see [40] for more details), we have in the LEET approximation:
Jµa(B¯0 → g∗d) ≡ 〈g∗d|d¯taγµ(1− γ5)b|B¯0〉
≃ δad
2
gsfρ
m2ρ
〈ρ|d¯γµ(1− γ5)b|B¯0〉 , (21)
where mρ is the ρ mass and fρ = 0.152 GeV
2. Furthermore, a and d are colour indices from
the quark-gluon vertex and the factor δad/2 comes from the trace over the SU(3)c matrices.
This current can now be parametrized by the form factors from the LEET result for B¯0 → ρ
[36] :
Jµa(B¯0 → g∗d) = δ
ad
2
gsfρ
m2ρ
2Eη′ζ⊥ [iε
µνρσvνnρε
∗
σ − (n · v)ε∗µ + (ε∗ · v)nµ] . (22)
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A relation corresponding to (21) cannot be used for the process B → Kη′. The other part
of the diagram, with a light quark moving in the background field of soft gluons, contains a
logarithmic divergence, which can be related to fpi, the result of the calculation is [25,26]:
〈gD0|ctaγµ(1− γ5)u|0〉 = −GHgs
√
MD
8m2Nc
Gaγδ
[
m2Nc
4pi
(v′δgµγ − v′γgµδ)
−iεµαγδv′α
(
f 2pi +
m2Nc
4pi
)]
, (23)
where v′ is the velocity of the D meson. Combining eqs. (6), (22) and (23), we find for the
non-factorizable contribution to B¯0 → D0η′:
ANF ≡ C2 pi GH
√
MD
E2η′Fη′g∗g ζ⊥fρ
6m2η′m
2
ρ
(n · v)(n · v′)
(
1 +
n · v
n · v′
)(
2pif 2pi
m2Nc
+ 1
)
〈αs
pi
G2〉 . (24)
In the calculation we have used q2 = m2η′ in the gluon propagator. In the parenthesis
(1 +n · v/n · v′) above, the term 1 is due to the diagram to the right in Fig. 1, and the term
n · v/n · v is due to the corresponding diagram where the η′ couples to the D meson. The
inclusion of this diagram deserves a comment. The form factor ζ⊥ for the transition B¯0 → ρ
contains a factor
√
MB [36], and it will also contain a factor 1/(n · v) from the LEET loop
integral. In this case there is also a factor
√
MD coming from soft gluon emission from the
light quark in the D meson (see eq. (23)). For the second diagram we have to interchange
MB ↔ MD, and v ↔ v′. In total we obtain (24), where ζ⊥ is the B¯0 → ρ transition form
factor.
The factorizable contributions are described by the diagram to the left in Fig. 1. The
B → Dgg∗ part of the diagram (connected to the η′ vertex) is finite. The second part is
the current 〈D0|cγµ(1− γ5)u|0〉, which is by definition given by the decay constant fD. The
finite diagrams have to be calculated using the LEET, and the result of the calculation is:
AF ≡ −
(
C1 +
C2
Nc
)
piGH
Eη′Fη′g∗g
288mm2η′
[
fD
√
MD n · v′ + fB
√
MB n · v
]
〈αs
pi
G2〉 . (25)
V. NUMERICAL RESULTS
The total amplitude due to the gluon mechanism considered in this paper is:
〈D0η′|Leff |B¯0〉 = −GF√
2
V ∗cbVud(A
F + ANF ) , (26)
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where AF and ANF are given in eqs. (25) and (24). In the LEET limit the kinematics is
easy:
n · v = 1 , n · v′ = MB/MD , Eη′ = (M2B −M2D)/(2MB) . (27)
We will use MB = 5.280 GeV, MD = 1.870 GeV, mη′ = 0.958 GeV , GF = 1.166 × 10−5
GeV−2, V ∗cbVud = 0.037 and fpi = 93.2 MeV, which can be found in PDG [41]. The value of
αs has to be taken at the point q
2 = m2η′ , where α(mη′
2) ≃ 0.56 [42]. The Wilson coefficients,
C1 and C2, have been calculated [27] in NLO to be C1(mb) = −0.184 and C2(mb) = 1.078
(where the NDR scheme and Λ
(5)
MS
= 225 MeV have been used).
Extrapolating C1,2 naively down to µ = Λχ, we find that C2 does not change much,
C2(Λχ) = 1.1695, while C1 is more sensitive, C1(Λχ) = −0.3695. This gives 2C2/(C1 +
C2/Nc) ≃ 98 at Λχ. However, this number should not be taken too seriously. Using HQEFT
between the scales mb and Λχ, there are more operators entering as in [28]. However, the
important thing for our calculation is that the coefficient C2 of the dominating operator Q2
is rather stable with respect to variations of the scale.
We extract the numerical value for the LEET form factor ζ⊥ from lattice and light-cone
sum-rule results [39], from which we obtain the value ζ⊥ ≃ 0.32.
The only model-dependent parameters entering eq. (26) are the gluon condensate and
the constituent light quark mass m. As mentioned above, the range 230 < m < 270 MeV
for the constituent quark mass gives the range (301 MeV)4 < 〈αs
pi
G2〉 < (327 MeV)4 for the
gluon condensate.
Inserting all these values in (26), and including the uncertainty in C2, we obtain the
decay rate :
Γ(B¯0 → D0η′) = M
2
B −M2D
16piM3B
|〈D0η′|Leff |B¯0〉|2 = (0.7 – 1.4)× 10−16GeV , (28)
which gives a branching ratio
Br(B¯0 → D0η′) = (1.7 – 3.3)× 10−4. (29)
The ranges in (28) and (29) come from the variation of the constituent light quark mass
m in the range 230 – 270 MeV, and the uncertainty in C2, i.e. the uncertainty within the
model. In addition, there is the uncertainty from applying this model.
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VI. CONCLUSIONS
In this paper we have computed the B¯0 → D0η′ exclusive process coupling the η′ via
its gluonic component and exploiting the idea of a glue–glue–η′ effective vertex, connected
to the gluonic triangle anomaly. The calculation is performed using a heavy–light chiral
quark model containing soft gluons which may form gluon condensates. Such a model is
an extension of constituent quark models of the type obtained by bosonizing an underlying
Nambu–Jona–Lasinio interaction involving heavy and light quarks.
The results found, when compared with those in [13], where a branching ratio
Br(B¯0 → D0η′) ≃ 0.30 × 10−4 is obtained, show remarkably that the gluon mecha-
nism could be more important than the one obtained from standard factorization of quark
currents. It would be very interesting to check this approach directly on new data on exclu-
sive B decays to η′ mesons. At the moment only an upper bound is known for this exclusive
branching ratio, amounting to Br(B¯0 → D0η′) < 9.4× 10−4 [41].
The relevance of the gluonic cloud in the η′, here considered from a phenomenological
standpoint, is a crucial question within the theory. The discrepancy in mass between the η′
state and the octet of (pi,K, η) goldstones can directly be attributed to the gluonic content
of η′ [43]. Moreover, the Witten–Veneziano mass formula for the η′ [44], elaborated in the
1/N language, has very recently been derived on the lattice [45] confirming in this set up the
profound relation between mη′ and the breaking of the U(1)A symmetry due to the gluon
anomaly.
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